Background
Germline mutations in the BRCA1 and BRCA2 genes are associated with increased risks of breast and ovarian cancers. Although several common variants have been associated with breast cancer susceptibility in mutation carriers, none have been associated with ovarian cancer susceptibility. A genome-wide association study recently identified an association between the rare allele of the single-nucleotide polymorphism (SNP) rs3814113 (ie, the C allele) at 9p22.2 and decreased risk of ovarian cancer for women in the general population. We evaluated the association of this SNP with ovarian cancer risk among BRCA1 or BRCA2 mutation carriers by use of data from the Consortium of Investigators of Modifiers of BRCA1/2.
Methods
We genotyped rs3814113 in 10 029 BRCA1 mutation carriers and 5837 BRCA2 mutation carriers. Associations with ovarian and breast cancer were assessed with a retrospective likelihood approach. All statistical tests were two-sided.
Results
The minor allele of rs3814113 was associated with a reduced risk of ovarian cancer among BRCA1 mutation carriers (per-allele hazard ratio of ovarian cancer = 0.78, 95% confidence interval = 0.72 to 0.85; P = 4. 8 × 10 -9 ) and BRCA2 mutation carriers (hazard ratio of ovarian cancer = 0.78, 95% confidence interval = 0.67 to 0.90; P = 5. 5 × 10 -4 ). This SNP was not associated with breast cancer risk among either BRCA1 or BRCA2 mutation carriers. BRCA1 mutation carriers with the TT genotype at SNP rs3814113 were predicted to have an ovarian cancer risk to age 80 years of 48%, and those with the CC genotype were predicted to have a risk of 33%.
Conclusion
Common genetic variation at the 9p22.2 locus was associated with decreased risk of ovarian cancer for carriers of a BRCA1 or BRCA2 mutation.
Pathogenic mutations in the BRCA1 and BRCA2 genes confer high risks of ovarian and breast cancers (1, 2) . Breast cancer risks by age 70 years have been estimated to range between 40% and 87% for BRCA1 mutation carriers and between 40% and 84% for BRCA2 mutation carriers (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Ovarian cancer risk estimates by age 70 years range between 16% and 68% for BRCA1 mutation carriers and between 11% and 27% for BRCA2 mutation carriers (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Random variation and environmental factors may explain part of the observed variation in risk estimates. There is also considerable evidence for the existence of genetic factors that modify cancer risks for mutation carriers, with the estimated cancer risks varying by family history of the disease (3) and the site of the cancer in the proband for that family's ascertainment (3) (4) (5) 10) . Moreover, the risks of ovarian and/ or breast cancers can vary with respect to the location of truncating mutations in both BRCA1 and BRCA2 genes, indicating that there may be associations between genotypes and phenotypes (12) (13) (14) (15) (16) . Recent genome-wide association studies (GWAS), as reviewed previously (17) (18) (19) , have identified common alleles associated with risk of breast, ovarian, and/or other cancers. These findings have raised the possibility that common variants are also associated with the risks of disease for carriers of various mutations. The Consortium of Investigators of Modifiers of BRCA1/2 (CIMBA) has provided evidence that variants near FGFR2, TNRC9/TOX3, MAP3K1, LSP1, and 2q35 identified through GWAS of breast cancer patients are also associated with the risk of developing breast cancer for BRCA1 and/or BRCA2 mutation carriers (20, 21) .
To date, a number of studies (22, 23) have investigated candidate variants as potential modifiers of ovarian cancer risk for BRCA1 and BRCA2 mutation carriers. However, none of the variants have been validated in independent datasets. At the time of this study, the only confirmed common genetic variants to be identified for ovarian cancer were several in a region on 9p22.2, which was recently reported from a GWAS (19) of patients with invasive ovarian cancer. The most statistically significant association was for the single-nucleotide polymorphism (SNP) rs3814113; the minor allele (ie, the C allele) was associated with a reduced risk of invasive ovarian cancer (odds ratio [OR] = 0.82, 95% confidence interval [CI] = 0.79 to 0.86, GWAS P trend = 5.1 × 10 219 ); the association with rs3814113 was strongest among patients with the serous histological subtype of ovarian cancer (OR = 0.77, 95% CI = 0.73 to 0.81, GWAS P trend = 4.1 × 10 221 ). To investigate whether this SNP is associated with the risk of ovarian cancer for BRCA1 or BRCA2 mutation carriers, we genotyped rs3814113 in 10 029 BRCA1 mutation carriers and in 5837 BRCA2 mutation carriers who were recruited by CIMBA through 32 studies (24) .
Materials and Methods

Study Subjects
All subjects were women who carried pathogenic mutations in BRCA1 or BRCA2 from 32 studies from Europe, North America, and Australia (Supplementary Table 1 , available online). Pathogenic mutations were defined as protein-truncating mutations or mutations listed on the Breast Cancer Information Core (http:// research.nhgri.nih.gov/bic/), as described previously (25) . All subjects were 18 years or older at recruitment. Only self-reported white women were included in the analysis. Subjects were excluded if they were from a country other than that of the study base or if they carried mutations in both BRCA1 and BRCA2 genes. If a woman was enrolled in two different studies, her data from only one study were included in the analysis. The data from the study with the most complete information for this individual were included in the analysis. Duplicate mutation carriers were identified by dates of birth and diagnosis and from available genotyping data. Subject information for all studies included year of birth, age at last follow-up, age at breast and/or ovarian cancer diagnosis, and age at bilateral prophylactic mastectomy or oophorectomy. Related subjects were identified through a unique family identifier. BRCA1 mutations were classified by their predicted functional consequence as follows: class 1 mutations were defined as loss of function mutations, and class 2 mutations were mutations that were expected to generate a stable mutant protein, as described previously (20) . BRCA2 mutations were classified by whether or not they were located in the ovarian cancer cluster region (nucleotides 3059-6629) (12, 15) . Subjects participated in clinical or research studies at the host institutions under ethically approved protocols and written informed consent was obtained (Supplementary Table  2 , available online). Further details about CIMBA were described elsewhere (24) .
Genotyping for SNP rs3814113
For 10 studies, the DNA samples were genotyped for SNP rs3814113 at one center by use of the iPLEX Mass Array platform
Prior knowledge
Although germline mutations in the BRCA1 and BRCA2 genes are associated with increased risks of ovarian cancer, other genetic variants that have not been identified might modify that risk. Such a genetic variant may be located at 9p22.2, as indicated by an association between the rare allele of the single-nucleotide polymorphism (SNP) rs3814113 (ie, the C allele) at this locus and decreased risk of ovarian cancer for women in the general population.
Study design
This SNP was genotyped in BRCA1 mutation carriers and BRCA2 mutation carriers. Associations between the SNP and ovarian and breast cancer were assessed.
Contribution
The minor allele of this SNP located at the 9p22.2 locus was associated with decreased risk of ovarian cancer, but not with breast cancer risk, for carriers of a BRCA1 or BRCA2 mutation.
Implications
It is likely that there are other genes that also modifying this risk in BRCA1 or BRCA2 mutation carriers. Their identification may be useful for genetic testing and risk counseling of such women.
Limitations
Precise family histories for all mutation carriers were not available. Detailed ovarian tumor histology data were not available. The SNP tested is probably located near but is not the genetic variant that is causally related to ovarian cancer.
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(Sequenom, Hamburg, Germany) (Supplementary Table 1 , available online). The remaining 22 studies (Supplementary Table 1 , available online) were genotyped by use of the 5′ endonuclease assay (Taqman), with reagents supplied by Applied Biosystems (Warrington, UK), and tested centrally as described previously (25) . All genotyping data were subjected to a standard set of quality control criteria. Samples from subjects with ovarian cancer or those without an ovarian cancer diagnosis (ie, affected and unaffected subjects) were randomly arrayed in the plates within studies. No-template controls were included on every plate, and at least 2% of the samples were tested in duplicate. Samples were excluded if they consistently failed genotyping (defined as a pass rate of <80% for all SNPs in a genotyping round for the iPLEX assay or as the failure of three or more of 10 SNPs for the Taqman assay). For a study to be included in the analysis, the genotype data were required to attain or exceed a call rate threshold of 95% and a concordance between duplicates of 98%. We also evaluated the deviation from Hardy-Weinberg equilibrium for unrelated subjects. For none of these studies was Hardy-Weinberg equilibrium rejected at a predefined threshold of a P value of .001. An additional quality control criterion was consistent results for 95 DNA samples from a standard test plate (Coriell Institute, Camden, NJ) that was genotyped at all centers. If the genotyping was inconsistent for more than one sample in the test plate, the study was excluded. Three additional studies attempted to genotype this SNP, but the SNP failed one or more of the above criteria and, therefore, were not included in this analysis. After these exclusions, a total of 15 866 mutation carriers with genotype data for rs3814113 were eligible for inclusion in the analysis (10 029 with a BRCA1 mutation and 5837 with a BRCA2 mutation) (Supplementary Table 1 , available online).
Statistical Analysis
The aim of the analysis was to evaluate the association between each genotype and ovarian cancer risk. Phenotype was defined by age at ovarian cancer diagnosis or age at last follow-up. The primary analysis involved censoring of subjects at the age of ovarian cancer diagnosis or bilateral prophylactic oophorectomy, whichever occurred first (irrespective of a breast cancer diagnosis), or the age at last observation. Only subjects with an ovarian cancer diagnosis were assumed to be affected.
BRCA1 and BRCA2 mutation carriers were not randomly selected with respect to their disease status. Usually mutation carriers are sampled through families who are counseled in genetic clinics, and genetic testing is targeted at those diagnosed with cancer at a relatively young age. Such designs therefore lead to an oversampling of affected subjects. Moreover, affected and unaffected mutation carriers are sampled with different probabilities at different ages. Because the carriers studied do not represent an unselected cohort, standard methods of analysis could give biased estimates of the risk ratios. This is demonstrated by considering an individual affected at age t. In a standard cohort or case-control analysis, the SNP genotype for the individual is compared with the genotypes of those subjects at risk at age t or in a case-control analysis with control subjects randomly sampled from all at-risk subjects. This analysis leads to consistent estimates of the risk ratios. However, in the study design used in this analysis, mutation carriers had been selected previously on the basis of their disease status. Therefore, a standard analysis would lead to case patients being compared with control subjects who were selected on the basis of their future disease status. If a particular genotype is associated with disease, then the risk ratio estimate would be biased toward 1.0 because too many affected subjects (in whom the at-risk genotype would be overrepresented) would be included in the comparison group. A simulation study (26) has shown that this effect can be quite marked. To adjust for this sampling and reduce the potential bias, we conducted the analysis by modeling the retrospective likelihood of the observed genotypes conditional on the disease phenotypes, as described previously (25) . The association of each SNP was modeled either as a per-allele hazard ratio (multiplicative model) or as separate hazard ratios for heterozygotes and homozygotes (both parameterized on the log scale). The hazard ratios were assumed to be independent of age (ie, we used a Cox proportional hazards model). The assumption of proportional hazards was tested by adding a "genotype × age" interaction term to the model. Analyses were carried out with the pedigree-analysis software MENDEL (27) . Under this approach, the baseline agespecific incidences in the Cox proportional hazards model were chosen so that the overall ovarian cancer incidences, averaged over all genotypic categories, agreed with external estimates of incidence for BRCA1 and BRCA2 mutation carriers.
We examined between-study heterogeneity by comparing the models that allowed for study-specific log hazard ratios against models in which the same log hazard ratio was assumed to apply to all studies by use of a robust Wald test statistic. All analyses were stratified by study group and country of residence and used calendar year-and cohort-specific ovarian cancer incidences for BRCA1 and BRCA2 mutation carriers (4) . For sensitivity analyses with smaller numbers of mutation carriers (see below), small strata were combined on the basis of country of residence. We used a robust variance-estimation approach to allow for the nonindependence of related carriers (28) .
To investigate whether our results were influenced by any of our assumptions, we performed additional sensitivity analyses. Breast cancer diagnoses occurring before an ovarian cancer diagnosis were ignored in the primary analysis. Analyses were repeated by also censoring at the age of breast cancer diagnosis and by treating those subjects as unaffected in the analysis of associations with ovarian cancer risk. That is, in this analysis, subjects were followed until one of the following events: age at ovarian cancer diagnosis, age at breast cancer diagnosis or bilateral prophylactic oophorectomy (whichever occurred first), or the age at last observation. Only subjects censored at ovarian cancer were assumed to be affected in this analysis. If the SNP was associated with disease survival, the inclusion of subjects with a prevalent ovarian cancer diagnosis could influence the hazard ratio estimates. We therefore repeated our analysis by excluding mutation carriers who had been diagnosed with ovarian cancer more than 5 years before recruitment into the study.
We also evaluated the associations of this SNP with breast cancer risk for mutation carriers. If the SNP is associated with ovarian cancer risk, analyzing the breast cancer associations by treating women with ovarian cancer as unaffected in the analysis can potentially lead to a spurious association with breast cancer risk in the opposite direction (to that observed for ovarian cancer). Therefore, to evaluate the associations with breast cancer risk, we performed the analysis within a competing risk framework in which we estimated hazard ratios simultaneously for breast and ovarian cancer. For this purpose, we extended the retrospective likelihood model (25) so that each woman was at risk of developing either breast cancer or ovarian cancer by assuming that the probabilities of developing each disease were independent, conditional on the underlying genotype. A different censoring process was used for this analysis, whereby subjects were followed until the age of their first breast or ovarian cancer diagnosis and were considered to have developed the corresponding disease. No follow-up was considered after the first cancer diagnosis. Subjects were censored for breast cancer at the age of bilateral prophylactic mastectomy and for ovarian cancer at the age of bilateral oophorectomy and were assumed to be unaffected for the corresponding disease. The remaining subjects were censored at the age at last observation and were assumed to be unaffected for both diseases.
Without additional data, such as pedigree data, estimating the absolute risks of ovarian cancer by genotype is difficult in this study due to the retrospective study design. We therefore used the estimated hazard ratios under the primary analysis to predict the age-specific cumulative risks of developing ovarian cancer by age 80 years with respect to rs3814113 genotype in BRCA1 and BRCA2 mutation carriers by use of estimates of age-specific ovarian cancer incidences from previous studies (with the implied average cumulative risk of ovarian cancer in BRCA1 mutation carriers being 44% by age 80 years and in BRCA2 mutation carriers being 12% by age 80 years) (4).
Results
In total, 10 029 BRCA1 mutation carriers and 5837 BRCA2 mutation carriers were eligible for analysis of associations between ovarian cancer risk and SNP rs3814113 at the 9p22.2 locus. The primary analysis (without censoring at breast cancer diagnosis) included 2410 mutation carriers who were censored at diagnosis of invasive ovarian cancer (case subjects) and 13 456 unaffected mutation carriers (including 2959 censored at bilateral prophylactic oophorectomy) ( Table 1) .
The minor allele of rs3814113 (ie, C allele) was associated with reduced risk of ovarian cancer for both BRCA1 and BRCA2 mutation carriers (Table 2 ). Each copy of the minor allele was estimated to be associated with a reduced risk of ovarian cancer (per-allele hazard ratio [HR] of ovarian cancer = 0.78, 95% CI = 0.72 to 0.85, P trend = 4.8 × 10
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, for BRCA1 mutation carriers and HR of ovarian cancer = 0.78, 95% CI = 0.67 to 0.90, P trend = 5.5 × 10
24 , for BRCA2 mutation carriers). Results from a combined analysis of BRCA1 and BRCA2 mutation carriers were virtually identical (per-allele HR of ovarian cancer = 0.79, 95% CI = 0.73 to 0.84) and the * IQR = interquartile range; OCCR = ovarian cancer cluster region. † Class 1 mutations were defined as loss of function mutations, and class 2 mutations were mutations that were expected to generate a stable mutant protein, as described previously (20) .
evidence of association was stronger (P trend = 2.0 × 10 211 ). There was no evidence that the association varied by age among either BRCA1 (P = .78) or BRCA2 (P = .17) mutation carriers. The studyspecific hazard ratios are shown in Figure 1 . In addition, there was no evidence of heterogeneity in hazard ratios across the studies (P = .22 for BRCA1 mutation carriers and P = .36 for BRCA2 mutation carriers).
We repeated the analysis by censoring at breast cancer diagnosis. This analysis included 1742 case patients with ovarian cancer and 14 124 unaffected mutation carriers (including 8070 censored at breast cancer diagnosis and 1316 censored at bilateral prophylactic oophorectomy). Estimates from this analysis were similar to those from the primary analysis (for BRCA1 mutation carriers, perallele HR of ovarian cancer = 0.77, 95% CI = 0.69 to 0.87; and for BRCA2 mutation carriers, per-allele HR of ovarian cancer = 0.82, 95% CI = 0.67 to 0.99) ( Table 2 ). The P values were slightly larger because of the reduced number of ovarian cancer case subjects included in the analysis (P trend = 1 × 10 25 for BRCA1 mutation carriers and P trend = .042 for BRCA2 mutation carriers).
To investigate the associations between the SNP and ovarian cancer risk after a breast cancer diagnosis, we defined affected subjects as women who were diagnosed with ovarian cancer after a first breast cancer diagnosis (Supplementary Table 3 , available online). Although the number of subjects diagnosed with ovarian cancer was greatly reduced in this group (n = 524 for BRCA1 and n = 144 for BRCA2), the associations between the SNP and ovarian cancer risk remained statistically significant (for BRCA1 mutation carriers, per-allele HR of ovarian cancer = 0.82, 95% CI = 0.72 to 0.93, P trend = 2.9 × 10
23
; for BRCA2 mutation carriers, per-allele HR of ovarian cancer = 0.69, 95% CI = 0.53 to 0.90, P trend = .006; and for BRCA1 and BRCA2 mutation carriers combined, per-allele HR of ovarian cancer = 0.79, 95% CI = 0.70 to 0.88, P trend = 5.4 × 10
25
). To determine whether any survival bias was introduced by including long-term survivors, we excluded all case subjects with ovarian cancer who were recruited 5 years or more after that diagnosis (Supplementary Table 4 , available online). The estimates were unchanged from the primary analysis and remained statistically significant for both BRCA1 mutation carriers and BRCA2 mutation carriers, despite the small sample size (for BRCA1 mutation carriers, per-allele HR of ovarian cancer = 0.78, 95% CI = 0.71 to 0.86, P trend = 6.0 × 10 27 ; for BRCA2 mutation carriers, per-allele HR of ovarian cancer = 0.80, 95% CI = 0.68 to 0.94, P trend = .008). We examined the associations between ovarian cancer risk and rs3814113 by the BRCA1 mutation class (which was based on the predicted functional consequence) and also with respect to the ovarian cancer cluster region in BRCA2. We found no evidence of a difference in the hazard ratio estimate by BRCA1 mutation type (for class 1, per-allele HR of ovarian cancer = 0.78, 95% CI = 0.71 to 0.86, P trend = 6.0 × 10
27
; for class 2, per-allele HR of ovarian cancer = 0.82, 95% CI = 0.70 to 0.96, P trend = .016 and P for difference in HRs = .87). Similarly, there was no evidence for a difference in the association between the SNP and ovarian cancer risk by mutation position in BRCA2 (for a mutation in ovarian cancer cluster region, per-allele HR of ovarian cancer = 0.77, 95% CI = 0.62 to 0.95, P = .015; for a mutation not in ovarian cancer cluster region, per-allele HR of ovarian cancer = 0.77, 95% CI = 0.63 to 0.93, P = .007).
To determine whether SNP rs13814113 is also associated with breast cancer risk for BRCA1 mutation carriers and BRCA2 mutation carriers, we performed a competing risk analysis in which we estimated hazard ratios for breast and ovarian cancer simultaneously (Table 3 ). There was no evidence of association between this SNP and breast cancer risk for mutation carriers (for BRCA1 mutation carriers, per-allele HR of breast cancer = 1.03, 95% CI = 0.98 to 1.10, P trend = .24; and for BRCA2 mutation carriers, perallele HR of breast cancer = 0.97, 95% CI = 0.90 to 1.05, P trend = .45). The estimates for ovarian cancer risk under this analysis were similar to those estimated in the primary analysis.
We used the rs13814113 minor allele frequency of 0.28 in the general population (23) to determine that 52% of BRCA1 or BRCA2 mutation carriers were expected to have the TT genotype, which is associated with the highest risk of ovarian cancer. BRCA1 
Discussion
Recent studies have shown that common genetic variants associated with small increments in susceptibility to breast cancer can also modify breast cancer risks for BRCA1 and/or BRCA2 mutation carriers (20, 21) . This study demonstrated that common genetic variants modify the ovarian cancer risk for BRCA1 and BRCA2 mutation carriers. We genotyped a 9p22.2 SNP, rs3814113, that was recently found (19) to be associated with ovarian cancer in the general population, in a cohort of 10 029 BRCA1 mutation carriers and 5837 BRCA2 mutation carriers. For both BRCA1 and BRCA2 mutation carriers, a similar reduced risk of ovarian cancer was associated with the rare allele (ie, C allele) of rs3814113 (HR of ovarian cancer = 0.78, for each group). The level of statistical significance for BRCA1 carriers (P = 4.8 × 10
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) would be regarded as "genome-wide" significant in a GWAS. Although the BRCA2 sample size was smaller, the BRCA2 association was also clear, given that it is such a strong candidate. To our knowledge, this is the first confirmed report of a common genetic variant modifying ovarian cancer risk for either BRCA1 or BRCA2 mutation carriers.
When the data were analyzed within a competing risks framework, we observed no association between the SNP rs3814113 and breast cancer risk among BRCA1 or BRCA2 mutation carriers. None of the published breast cancer GWAS (29) (30) (31) (32) (33) of women from the general population have reported associations for this SNP at strict genome-wide levels of statistical significance [eg, in the largest study (34) , per-allele OR = 1.06, P = .09]. These results indicate that, for both groups of mutation carriers and for the general population, the predominant association is with ovarian cancer risk and that the association with breast cancer risk, if any, is very weak.
This study had several limitations. It was not possible to take the precise family histories of carriers into account. Although this did not invalidate the statistical tests of association, it may have affected the hazard ratio estimates and will need to be taken into consideration if these associations are to be used in counseling. Another limitation was that at the time of analysis, we did not have detailed ovarian tumor histology data available. Future CIMBA studies will aim to assess the associations in mutation carriers by different histological subtypes. A final uncertainty was that the SNP tested is probably not the variant at this locus that is causally related to ovarian cancer, but it is correlated with the causal SNP. This did not invalidate the associations but may indicate that the association with the causal variant, when it is identified by fine mapping, will prove to be somewhat stronger.
The gene basonuclin 2 (BNC2), located on chromosome 9p22.2, may be a good candidate in this region that is associated with risk of ovarian cancer. BNC2 is the closest gene to the SNP rs3814113, which is located approximately 44 kilobases upstream of the gene. The BNC2 gene is highly conserved across vertebrates, encodes a DNA-binding zinc-finger protein, and is proposed to have a function in nuclear processing of mRNA (35, 36) . This gene may potentially generate more than 2000 different proteins from 90 000 mRNA isoforms (37) . BNC2 has recently been reported (38) to be a tumor suppressor gene in esophageal adenocarcinoma. The highest level of expression of BNC2 is in the ovary (39) , indicating that BNC2 may potentially be the relevant causal gene at the 9p22.2 locus. In addition, the high level of expression in the ovary is consistent with the observation that the association appears, to date, to be restricted to this cancer type. This locus may also be involved in oocyte development (39) . Although it is not possible to assess this hypothesis directly, parity may be related to oocyte development and so may be a surrogate for oocyte development. Unfortunately, data on parity for the study subjects were not available at the time of analysis. When these data become available, further analysis stratified by parity is warranted.
The ovarian cancer hazard ratios associated with the minor allele of rs3814113 and ovarian cancer were modest and of similar magnitude for women from the general population, for BRCA1 mutation carriers, and for BRCA2 mutation carriers. Although these hazard ratios for ovarian cancer translated to small differences in absolute risk between different genotypes for the vast majority of women at low risk of this disease, the absolute risk differences for mutation carriers were much greater. Several additional ovarian cancer susceptibility alleles have recently been identified by GWAS (40,41) at 19p13.11, 8q24, 2q31, 3q25 , and 17q21; these alleles could be strong candidates as risk modifiers for carriers. If these and other variants also prove to be associated with ovarian cancer risk for mutation carriers, such information in combination with other risk factors, such as parity and oral contraceptive use, should contribute toward the stratification of mutation carriers by ovarian cancer risk and could eventually provide information for the clinical management of BRCA1 and BRCA2 mutation carriers (42, 43) .
In conclusion, we have identified the first common allele that modifies ovarian cancer risk for BRCA1 and BRCA2 mutation carriers. It is likely that other such modifying risk variants exist and their identification could have future implications for genetic testing and risk counseling of women with BRCA1 and BRCA2 mutations.
